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We demonstrate experimental generation of spatially-entangled photon-pairs by spontaneous para-
metric down conversion (SPDC) using a partial spatially coherent pump beam. By varying the
spatial coherence of the pump, we show its influence on the downconverted photon’s spatial correla-
tions and on their degree of entanglement, in excellent agreement with theory. We then exploit this
property to produce pairs of photons with a specific degree of entanglement by tailoring of the pump
coherence length. This work thus unravels the fundamental transfer of coherence occuring in SPDC
processes, and provides a simple experimental scheme to generate photon-pairs with a well-defined
degree of spatial entanglement, which may be useful for quantum communication and information
processing.
Quantum entanglement is considered as one of the
most powerful resource for quantum information. In this
respect, pairs of photons are the simplest system show-
ing genuine quantum entanglement in all their degrees of
freedom: spatial, spectral and polarization [1–3]. Most
of the fundamental experiments and related applications
are implemented using polarization-entangled photons.
Examples range from the first test of Bell’s inequality [4]
to the recent development of long-distance quantum com-
munication systems [5]. In the last years, there has been
renewed interest in continuous variable entanglement be-
tween transverse position and momentum of photon-
pairs [6]. Indeed, their infinite-dimensional Hilbert space
holds high potential for developing powerful information
processing algorithms [7] and secured cryptography pro-
tocols [8]. Furthermore, spatially-entangled photon-pairs
sources are at the basis of many quantum imaging ap-
proaches, including ghost imaging [9], sub-shot-noise [10]
and sub-Rayleigh imaging [11]. All these quantum appli-
cations crucially rely on properties of the down-converted
photons. In this respect, their degree of entanglement is a
fundamental parameter that generally defines the power
of the quantum-based technique. As concrete examples,
it sets the information bound in high-dimensional quan-
tum communication systems [12] and the spatial resolu-
tion in certain quantum imaging scheme [13]. However,
most apparatus used to produce entangled pairs are not
flexible and adapting pairs characteristics to specific use
is generally a challenging task. In this work, we propose
an novel experimental approach based on spontaneous
parametric down conversion (SPDC) with a partial spa-
tially coherent pump beam to produce entangled photon-
pairs with tunable degree of spatial entanglement.
SPDC is the most popular technique to produce
spatially-entangled photon-pairs. In its conventional
form, a coherent Gaussian beam of light (i.e. the pump
beam) illuminates a non-linear crystal (χ2 non-linearity)
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Figure 1. (a) Light emitted by a diode laser (λp “ 405nm)
is scattered by a static thin diffuser (plastic sleeve) and illu-
minates a non-linear crystal of β-Baryum Borate (BBO) to
produce spatially-entangled pairs of photons by type I SPDC.
Spectral filters at 810˘10nm select near-degenerate photons.
Lenses f1 “ 150mm and f2 “ 200mm images an iris onto
the cristal surface. When the diffuser is maintained fixed,
the crystal is thus illuminated by a static speckle pattern
(b). White scale bar corresponds to 700µm. Momenta of
photons are imaged onto an EMCCD camera by imaging the
far-field via a f3 “ 40mm lens, and a direct intensity image
(c) is recorded by accumulating photons onto an EMCCD
camera sensor. Sum-coordinate projection of the joint prob-
ability distribution of photon-pairs (d) shows a coincidence
speckle pattern that reveal the transfer of coherence between
the pump and the down-converted fields.
that produces pairs of photons in accordance with en-
ergy and momentum conservation [14]. Properties of
down-converted photons, including their degree of en-
tanglement, are set by the crystal parameters and the
pump beam properties [15–19]. During this process, co-
herence properties of the pump beam get entirely trans-
ferred to those of the two photon-field [20–22]. Inter-
estingly, none of these experimental studies consider the
use of a non-perfectly spatially coherent pump beam to
produce photon-pairs, with the notable exception of the
recent work of Y. Ismael et al. [22] that investigates
polarization-entanglement between photons. Theoreti-
cally, the link between spatial coherence properties of
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Figure 2. Without diffuser, the direct intensity image (a1) shows a well defined disk and the X`-coordinate projection of Γ
(a2) shows a strong anti-diagonal. An element pky1, ky2q of the X`-coordinate projection corresponds to the joint probability
of detecting one photon at k1 “ pkx1 , ky1q, with no constraints on kx1 , together with the second photon at k2 “ p´kx1 , ky2q.
The strong anti-diagonal is a signature of momentum conservation between photons produced by SPDC with a fully coherent
collimated pump beam. When a rotating random diffuser composed by one layer of plastic sleeve is introduced in the apparatus,
edges of the direct intensity disk gets blurred (b1) and the width of the anti-diagonal on the X`-coordinate projection increases
(b2). When one photon is detected at k, its twin has now a high probability to arrive on an area that spreads around ´k.
This area gets broaden when the coherence length of the pump is decreased by using rougher random diffusers, as shown on
direct images (c1) and (d1) and X`-projections (c2) and (d2) measured using respectively two layers of plastic sleeve and
three layers.
the pump and the degree of entanglement of the down-
converted field has been precisely established in [23–25].
In this work, we first investigate experimentally the in-
fluence of the pump spatial coherence on the correlation
properties of the spatially-entangled photon pairs. We
then demonstrate the dependency of the degree of entan-
glement, characterized by the Schmidt number [26], with
the coherence of the pump. Finally, we exploit this effect
to generate photon-pairs with a well-defined degree of
entanglement by manipulating the transverse coherence
length of the pump.
Figure 1.a shows the apparatus used to produce spa-
tially entangled photon-pairs. A partially coherent beam
of light is generated by intercepting the propagation path
of a continuous-wavelength (405nm) Gaussian laser beam
with a (rotating or not) random diffuser (plastic sleeve).
Blue photons interact with a tilted non-linear crystal of
β-baryum borate (BBO) to produce infrared pairs of pho-
tons by type I SPDC. At the output of the crystal, trans-
verse momentum k of photons is mapped onto pixels of
an electron multiplied charge coupled device (EMCCD)
camera by a Fourier-lens imaging system (f3). When the
diffuser is maintained static, the crystal is illuminated
by a speckle pattern (Figure 1.b). A direct intensity im-
age (Figure 1.c) is acquired by photons accumulation on
the camera sensor and shows an homogeneous structure,
very similar to the one observed without diffuser (Fig-
ure 2.a1). However, when measuring the joint probability
ditribution Γ with the EMCCD camera [27, 28], its pro-
jection along the sum-coordinate diagonal shows a cen-
tral peak surrounded by a speckle pattern (Figure 1.c).
The sum-coordinate projection represents the probability
of detecting the two photons with symmetric momentum
relative to their mean k1`k2 [29, 30] (see [31] section 4).
The presence of this speckle together with the absence of
any spatial structure in the direct intensity image demon-
strates that first-order spatial coherence of the pump field
(i.e. intensity speckle pattern) gets entirely transferred to
second-order coherence of the down-converted field (i.e.
coincidence speckle pattern).
As a consequence, spatial incoherence properties of the
pump must be retrieved in the momentum correlations
of the pairs. When the diffuser is rotated faster than
the camera integration time, the pump acts as a partial
spatially coherent beam. Using a Gaussian-Schell model
for the pump beam [32] and a Gaussian approximation
for the down converted field [26] (see [31] section 1), Γ is
written as
Γpk1,k2q „ exp
ˆ
´σ
2
r |k1 ´ k2|2
2
˙
exp
ˆ
´|k1 ` k2|
2
2σ2k
˙
(1)
The position-correlation width σr only depends on the
crystal length L and the pump frequency λp as σr “a
αLλp{p2piq (α “ 0.455 [33]). The momentum-
correlation width σk depends on the pump beam waist ω
3and its correlation length `c as
σk “
d
1
`2c
` 1
4ω2
(2)
For a given crystal, varying the coherence properties of
the pump beam (i.e. waist and correlation length) modi-
fies the spatial structure of the two-photon wave function
and its associated joint probability distribution. In par-
ticular, decreasing the correlation length at fixed waist
induces an increase of the momentum-correlation width:
when one photon of a pair is detected at k, the area of
maximum probability detection for its twin is centered
at ´k and spreads as σ2k „ `´2c . This effect is shown
in Figure 2. For a perfectly coherent pump beam (no
diffuser), the direct intensity image (Figure 2.a1) shows
a well-defined homogeneous disk and the X`-projection
of Γ (Figure 2.a2) shows a strong anti-diagonal. The
X`-projection image represents the joint probability of
detecting one photon with momentum ky1 (kx1 can take
any possible values) and its twin with momentum ky2 and
kx2 “ ´kx1 (see [31] section 4). Such strong anti-diagonal
is a clear signature of transverse momentum conservation
in SPDC using a collimated pump beam. When a rotat-
ing diffuser is used (single layer of plastic sleeve), the
pump beam becomes partially coherent which results in
a blurring of the edges of the direct intensity disk (Fig-
ure 2.b1) and an increase of the diagonal width in the
X`-coordinate projection (Figure 2.b2). Broadening of
momentum correlations with the decrease of pump spa-
tial coherence shows very well when using rougher dif-
fusers, respectively made by superimposing two layers
of plastic sleeves (Figure 2.c1 and c2) and three layers
(Figure 2.d1 and d2). A quantitative analysis of this ef-
fect is provided in Figure 3. On the one hand, values
of σk are determined by fitting sum-coordinate projec-
tion of Γ (Figure 3.b) by a Gaussian model [26]. On
the other hand, values of `c are measured by removing
the crystal and Fourier-imaging the pump beam directly
onto the camera (see [31] section 3). The linear regres-
sion of σ2k “ fp1{`2cq (Figure 3.a) returns a slope value of
0.82 ˘ 0.3 with a determination coefficient of 0.98. This
result is in very good accordance with equation 2 and
shows the relevance of the theoretical model [23, 25].
Not only does partial coherence influence momentum
correlations between pairs, but it also modifies their de-
gree of entanglement. An universal metric to quantify
it is the Schmidt number K, that is directly related to
the non-separability of the two-photon state [34]. Exper-
imentally, K is estimated from measurements of σk and
σr using the formula K “ 1{4 r1{pσrσkq ` σrσks2 [35].
While σk is determined using the apparatus described
previously (Figure 1), values of σr are measured using
a different experimental configuration in which the out-
put surface of the crystal is imaged onto the EMCCD
camera (see [31] section 2). As reported in Table I, σr
is constant for all diffusers and does not depend on the
pump coherence properties. In consequence, the mea-
sured degree of entanglement K [K (exp.) in Table I]
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Figure 3. (a) Momentum-correlation width σk is represented
in function of coherence length of the pump `c. Values on the
graph correspond to four different measurements performed
(0) without diffuser, (1) with one layer of plastic sleeve, (2)
two layers and (3) three layers. Linear regression fits exper-
imental values with a determination coefficient of 0.98 and
returns a slope value of 0.82 ˘ 0.3, in accordance with equa-
tion 2. Values of σk are estimated in each cases by projecting
Γ along the sum-coordinates diagonal (b) and measuring the
width of the central spot using a Gaussian model [26]. `c val-
ues are estimated with a technique described in [31] section
4. White scale bar corresponds to 0.05µm´1.
decreases with the reduction of the correlation length `c.
As a comparison, values of K [K (theory) in Table I]
are calculated directly from crystal and pump properties
using the theoritical model (equation 1)
K “ 1
4
«
2ωlc
?
2pia
αLλppl2c ` 4ω2q
`
a
αLλppl2c ` 4ω2q
2ωlc
?
2pi
ff2
(3)
with L « 0.9mm (cristal thickness), λp « 405nm (pump
wavelength), α “ 0.455 [33] and ω « 89µm (pump waist).
Despite the many approximations that have been made
and taking into accounts experimental uncertainties, we
observe an excellent agreement between theoretically ex-
pected values of K and those measured experimentally.
Knowing the characteristics of the crystal and the pump
4Table I. Values of σk and σk are listed in function of the coherence length `c of the pump beam. The Schmidt number K
(exp.) is calculated using the formula K “ 1{4 r1{pσrσkq ` σrσks2. Because σr does not depend on the coherence property of
the source, K decreases with the diminution of the coherence length `c. Theoretical values of K [K (theory)] are calculated
from crystal parameters L « 0.9mm and pump properties ω « 89µm and λp « 405nm using equation 3. Despite many
approximations used and several sources of experimental uncertainties, the theoretical model is in good accordance in order of
magnitude with experimental measurements.
Correlation length (µm) σkprad.mm´1q σrpµmq K (exp.) K (theory)
`8 2.4˘ 0.1 7.9˘ 0.3 727˘ 74 591
122 9.7˘ 0.3 8.4˘ 0.2 38˘ 4 115
59 17.2˘ 0.3 7.1˘ 0.1 17˘ 1 32
41 22.5˘ 0.5 7.1˘ 0.2 10˘ 1 16
therefore allows predicting reasonably well the degree of
entanglement of the source. For a given crystal, we show
that manipulating the pump coherence using rotating
random diffusers enable the deterministic control of the
degree of entanglement in the two-photon field generated.
The future of quantum optical technologies depends
on our capacity to detect [27, 28] and manipulate pho-
tons [36, 37], but it also crucially relies on our ability to
generate photons with properties adapted to specific ap-
plication. In our work, we show how to produce spatially-
entangled photons with specific degree of entanglement
by controlling the spatial coherence of the pump beam
with rotating random diffusers. For this, we investigated
the fundamental transfer of coherence between the pump
and the down-converted field and showed a good agree-
ment with the theory [23, 25]. This novel source may
play an important role in free-space quantum communi-
cations, since it has been recently shown in theory that
a two-photon field is less susceptible to atmospheric tur-
bulence when it was generated by a partial spatially co-
herent beam [38]. In this respect, the use of a spatial
light modulator in place of the random diffusers will be
the next natural step to enable tailoring entanglement in
real-time and use it as a tunable parameter to produce
quantum states that are optimal for a given protocol and
strength of turbulence. Incoherent two-photon illumina-
tion could also plays an important role in optical imaging
to improve resolution [39]. Finally, this work may have
technological impact as it paves the way towards the de-
velopment of cheap and compact photon-pairs source us-
ing Light Emitting Diodes as pump beams [40].
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6Appendix A: Theoretical model
1. Joint probability distribution in
momentum-space Γpk1,k2q
As demonstrated in [25] (Equation B.8), the joint prob-
ability distribution Γpk1,k2q for a partial spatially coher-
ent pump beam is written as
Γpk1,k2q „ |χ˜p|k1 ´ k2|2q|2V˜ pk1 ` k2,k1 ` k2q (A1)
where χ˜ is the phase-matching function and V˜ is the
transverse momentum-correlation function of the pump
field. In our work, we use two distinct approximations:
• A Gaussian approximation [26] for χ˜:
|χ˜p|k1 ´ k2|2q|2 „ exp
„
´σ
2
r |k1 ´ k2|2
2

(A2)
where σr “
a
αLλp{p2piq, with λp is the pump
wavelength, L the crystal length and α “
0.455 [33].
• A Gaussian-Schell approximation [32] for the par-
tial spatially coherent pump beam, which results in
V˜ being written as
V˜ pk,k1q „ exp
„
´ω
2|k´ k1|2
2
´ |k` k
1|2
8σ2k

(A3)
where σk “
a
1{l2c ` 1{p4ω2q, with lc the coherence
length of the pump and ω its waist.
Combining Equations A2, A3 and A1 leads to Equa-
tion 1.
2. Sum-coordinate projection of Γpk1,k2q
The sum-coordinate projection of Γ, denoted PΓ`, is
calculated by integrating equation 1 along k1 ` k2 and
takes the simple form
PΓ`pk1 ` k2q „ exp
ˆ
´|k1 ` k2|
2
2σ2k
˙
(A4)
This model is used to fit the experimental data shown
in Figure 3.b and to determine values of σk reported in
Table I.
Appendix B: Correlation-positions and σr
measurements
1. Position-correlations
Position-correlations between pairs of photons are ob-
served by imaging the output surface of the crystal and
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Figure 4. (a) Light emitted by a diode laser (λp “ 405nm)
is scattered by a static thin diffuser (plastic sleeve) and illu-
minates a non-linear crystal of β-Baryum Borate (BBO) to
produce spatially-entangled pairs of photons by type I SPDC.
Spectral filters at 810˘10nm select near-degenerate photons.
Lenses f1 “ 150mm and f2 “ 200mm image an iris onto the
cristal surface. When the diffuser is maintained fixed, the
crystal is thus illuminated by a static speckle pattern. White
scale bar corresponds to 700µm. Positions of photons at the
output surface of the crystal are imaged onto an EMCCD
camera via a single-lens imaging system f3{2 “ 20mm. The
direct intensity image (b) recorded by accumulating photons
onto an EMCCD camera sensor is a speckle pattern. Minus-
coordinate projection of the joint probability distribution of
photon-pairs (c) shows a strong peak at its center that reveals
the strong correlations between positions of the pairs.
measuring the joint probability distribution Γ, as shown
in Figure 4.a. The diffuser is maintained static and is the
same than the one used in Figure 1. The direct inten-
sity image (Figure 4.b) is acquired by photons accumu-
lation on the camera sensor and shows an speckle struc-
ture. When measuring the joint probability ditribution
Γ with the EMCCD camera [27, 28], its projection along
the minus-coordinate diagonal shows a central peak (Fig-
ure 4.c). The minus-coordinate projection image repre-
sents the probablity of detecting two photons from a pair
separated by a (oriented) distance r1 ´ r2 [29, 30]. The
strong peak at the center is a clear signature of the strong
correlations in position between pairs of photons.
2. σr measurements using partially coherent pump
beams
Values of σr are determined using the experimental
setup described Figure 4.a. The same rotating diffusers
(respectively composed by one, two and three layers of
plastic sleeve) than those of Figure 2 and Figure 3 are
used to generate partially coherent pump beams with dif-
ferent correlation lengths. Interestingly, Figure 5 shows
that neither the direct intensity images (Figure 5.a1-d1)
nor the X´-coordinate projections (Figure 5.a2-d2) de-
pend on the coherence properties of the pump beam. The
X´-coordinate image represents the joint probability of
detecting one photon at position y1 (x1 can take any pos-
sible values) and its twin with momentum y2 and x2 « x1
7(see section 4). The strong diagonal is a clear signature of
position-correlations: both photons are always produced
at the same position in the crystal during the SPDC pro-
cess, and this property does not depend on the coherence
properties of the pump beam.
Similarly to the calculations of section 1 and those
of [25], the use of a Gaussian approximation [26] and a
Gaussian-Schell model [32] allows writing the joint prob-
ability distribution Γpr1, r2q as
Γpr1, r2q „ exp
ˆ
´|r1 ´ r2|
2
2βσ2r
˙
exp
`´2ω2|r1 ` r2|2˘
(B1)
where ω is the pump beam waist and β “ pα ` α´1q{α
(α “ 0.455 [33]). The minus-coordinate projection of
Γ, denoted PΓ´, is calculated by integrating equation C3
along r1 ´ r2 and takes the simple form
PΓ´pr1 ´ r2q „ exp
ˆ
´|r1 ´ r2|
2
2βσ2r
˙
(B2)
The minus-coordinate projection images acquired for
different correlation lengths are shown in Figure 5.a3-
d3. Values of σr are determined by fitting the minus-
coordinate images by equation B2 and are reported in
Table I.
Appendix C: Pump beam analysis and coherence
length `c measurement
Properties of the pump beam, namely its waist ω and
correlation length `c, are measured using the two exper-
imental configurations described in Figure 6.a and b.
1. Intensity distribution of the pump beam in the
crystal plane
The intensity distribution of the pump beam in the
crystal plane is measured using the experimental con-
figuration described in Figure 6.b. Figures 6.c-f show re-
sults of four acquisitions performed without diffuser (Fig-
ure 6.c), with a rotating diffuser composed by one layer
of plastic sleeve (Figure 6.d), two layers (Figure 6.e) and
three layers (Figure 6.f). Since the diffusers rotate with
a period much shorter than the acquisition time of the
camera, the distribution of pump intensity at the crystal
plane is homogenous and does not depend on the coher-
ence properties of the pump.
2. Beam waist and correlation length
measurements
Measurements of ω and `c are performed using the ex-
perimental configuration of Figure 1.a. In this case, the
pump field at the crystal plane is Fourier-imaged onto
the EMCCD camera via lens f3. Figures 6.g-j show four
direct intensity images acquired respectively without dif-
fuser (Figure 6.g), with a rotating diffuser composed by
one layer of plastic sleeve (Figure 6.h), two layers (Fig-
ure 6.i) and three layers (Figure 6.j). For a perfectly
coherent pump, the width of the focus (denoted σp0) in
Figure 6.g is inversely proportional to the beam waist ω
ω “ 1
σp0
(C1)
Fitting this intensity distribution by Gaussian model pro-
vides an estimation of ω « 89µm. For partially coherent
pump beams, intensity distributions in the Fourier do-
main shown in Figure 6.h-j are written as
Ippkpq „ exp
„
´|kp|
2
2σ2p

(C2)
where σp “ 2
a
1{`2c ` 1{p4ω2q (Gaussian-Schell
model [32]). Fitting these distributions with equa-
tion C2 allows determining σp in each case and
calculating `c with the formula
`c “ 2b
σ2p ´ σ2p0
(C3)
Values of `c are reported in Table I.
Appendix D: Image processing
1. Measurement process
We use an EMCCD Andor Ixon Ultra 897 to measure
the joint probability distribution Γ of spatially entan-
gled photon pairs using a technique described in [28].
The camera was operated at ´60˝C, with a horizontal
pixel shift readout rate of 17Mhz, a vertical pixel shift
every 0.3µs and a vertical clock amplitude voltage of
`4V above the factory setting. When the camera is il-
luminated by photon pairs, a large set of images is first
collected using an exposure time chosen to have an in-
tensity per pixel approximately 5 times larger than mean
value of the noise („ 171 grey values). No threshold is
applied. Processing the set of images using the fomula
provided in [28] finally enables to reconstruct Γ.
2. Projections of the joint probability distribution
In our experiment, Γ takes the form of a 4-dimensional
matrix containing p75ˆ 75q2 „ 108 elements, where 75ˆ
75 corresponds the size of the illuminated region of the
camera sensor. The information content of Γ is analyzed
using four types of projections:
1. The sum-coordinate projection, defined as
PΓ`pk`q “
ÿ
k
Γpk` ´ k,kq (D1)
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Figure 5. Direct intensity of the down-converted field at the crystal plane is imaged onto the EMCCD camera using the
experimental configuration described in Figure 4.a without diffuser (a1), with a rotating diffuser composed by one layer of
plastic sleeve (b1), two layers (c1) and three layers (d1). All intensity patterns are homogeneous and identical. When the
camera is used to measure the joint probability distribution Γ, the X´-projection of Γ (see section 4) camera shows a very strong
diagonal in all four cases: without diffuser (a2), with one layer of plastic sleeve (b2), two layers (c2) and three layers (d2).
These projections show that position-correlations do not depend on the coherence properties of the pump. Minus-coordinate
projections of Γ taken without diffuser (a3), with one layer (b3), two layers (c3) and three layers (d3) show the same peak
at their center, which highlights the strong correlations between positions of the pairs. Fitting these images with the model of
equation B2 allows detrermining values of σr reported in Table I.
It represents the probability of detecting pairs of
photons generated in all symmetric directions rela-
tive to the mean momentum k`.
2. The minus-coordinate projection, defined as
PΓ´pr´q “
ÿ
r
Γpr´ ` r, rq (D2)
It represents the probability for two photons of a
pair to be detected in coincidence between pairs of
pixels separated by an oriented distance r´.
3. The X`-coordinate projection, defined as
PΓX`pky1 , ky2q “
ÿ
kx
Γpky1 , ky2 |kx,´kxq (D3)
“
ÿ
kx
Γpky1 , ky2 , kx,´kxqř
kx1 ,kx2
Γpky1 , ky2 , kx1 , kx2q (D4)
It represents the probability of detecting one pho-
ton with momentum ky1 (with no constraints on
kx1) given that the other is detected with a mo-
mentum ky2 and kx2 “ ´kx1 [symetric columns].
4. The X´-coordinate projection, defined as
PΓX´py1, y2q “
ÿ
x
Γpy1, y2|x, x` 1q (D5)
“
ÿ
x
Γpy1, y2, x, x` 1qř
x1,x2
Γpy1, y2, x1, x2q (D6)
It represents the probability of detecting one pho-
ton at position y1 (with no constraints on x1) given
that the other is detected with a momentum y2 and
x2 “ x1 ` 1 [adjacent columns].
9g
Intensity (au)
Intensity (au)
h i j
Intensity (au)
Intensity (au)
x(µm)
y 
(µ
m
)
c
Intensity (au)
Intensity (au)
d e f
kx(µm-1)
Intensity (au)
Intensity (au)
kx(µm-1)
ky
 
(µ
m
-1
)
kx(µm-1) kx(µm-1)
x(µm)
y 
(µ
m
)
x(µm)
y 
(µ
m
)
x(µm)
y 
(µ
m
)
ky
 
(µ
m
-1
)
ky
 
(µ
m
-1
)
ky
 
(µ
m
-1
)
Laser 
*
Iris f1 f2
EMCCD
 
Diffuser
f3
Crystal
plane
a
Laser 
*
Iris f1 f2
EMCCD
 
Diffuser
f3/2
Crystal
plane
b
Figure 6. (a) Apparatus used to Fourier-image the pump field at the crystal plane onto the camera. It is similar to the one
shown in Figure 1.a without the crystal and all the filters. (b) Apparatus used to image the pump field at the crystal plane
onto the camera. It is similar to the one shown in Figure 4.a without the crystal and all the filters. Using configuration (b),
intensity distribution of the pump beam at the crystal plane is imaged on the camera without diffuser (c), with a rotating
diffuser composed by one layer of plastic sleeve (d), two layers (e) and three layers (f). All intensity patterns are homogeneous
and identical. Using configuration (b), intensity distribution of the pump beam in the momentum space is imaged on the
camera without diffuser (g), with a rotating diffuser composed by one layer of plastic sleeve (h), two layers (i) and three layers
(j). Without diffuser, the pump beam is focused onto the camera and the width of the peak σp0 is used to estimate the beam
waist ω “ 1{σp0 « 89µm. When rotating diffusers are inserted, the peak gets broaden and its width σp provides an estimation
of the correlation length `c using the formula `c “ 2{aσ2p ´ σ2p0 . Values of `c are reported in Table I.
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